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The First 20 Years....
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1. ECN Automated Weather Station (1993 to 2013) at Rothamsted © Tony Scott, Rothamsted Research
2. Precipitation Chemistry – bulk rainwater collector © Tony Scott, Rothamsted Research 
3. NO2 Diﬀusion Samplers (Met Station) © Tony Scott, Rothamsted Research
4. Soil Solution Samplers being pumped down by hand © Tony Scott, Rothamsted Research
5. River Ver ﬂowing through Flint Field on the Rothamsted Estate© Tony Scott, Rothamsted Research
ISBN 978 0 9564424 1 3
Lawes Agricultural Trust Co. Ltd. 2015C
Written by: Tony Scott
Edited by:   Dr. Andy Macdonald and Prof. Keith Goulding 
The U.K. Environmental Change Network
Physical and Atmospheric Measurements
Rothamsted
First Published 2014
Revised Edition 2015
89814 UK ECN Booklet_89814 UK ECN Booklet  24/04/2015  09:25  Page 2
5RWKDPVWHG5HVHDUFK
͚
͜
͞
 ͠
͙͘
͙͚
 ͙͜
͙͞
Ƭ͙͠
Ǧ͚͘
͚͜
͚͝
͚͠
&RQWHQWV
͙
89814 UK ECN Booklet_89814 UK ECN Booklet  24/04/2015  09:25  Page 3
Introduction 
Broadbalk
Park Grass 
Initially, experiments focused on the eﬀects of 
mineral fertilisers and organic manures on crop 
production and soil fertility. Yields were 
recorded each year and plant and soil samples 
were archived for future use. Meteorological 
variables were also recorded; rainfall has been 
recorded since 1853 and temperature since 1873.  
More recently, other weather variables together 
with wet and dry atmospheric deposition and 
insect abundance have also been monitored. 
Rothamsted Research was established as an agricultural research centre by 
John Bennet Lawes and Joseph Henry Gilbert in 1843. 
It is home to the oldest continuing 
agricultural ﬁeld experiments in existence. 
These, so called “Classical Experiments”, are 
now a National Capability supported jointly 
by the Biotechnology and Biological 
Sciences Research Council (BBSRC) and the 
Lawes Agricultural Trust.  Eight of the 
Classical Experiments continue today. Two 
of the best known of these are the Park 
Grass Hay Experiment (est. 1856) and the 
Broadbalk Wheat Experiment (est. 1843). 
Sir John Bennet Lawes 
   Sir Joseph Henry Gilbert
The U.K. Environmental Change Network2
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Rothamsted Research 3
Table 1. Terrestrial Measurements
Physical Measurements Vegetation 
Measurements
Chemical Measurements
Precipitation Chemistry¹
Atmospheric Chemistry – NO₂
Soil Solution Chemistry¹
Soil Analysis  ²
Surface Water Chemistry¹
1 + + 2+ 2+ 2+  3+ Na , K , Ca  ,Mg , Fe , Al , 
 3+ - 3-NO -N, NH₄ -N, PO₄ -P, 
2- +SO₄ -S, Cl , DOC, TSN, 
Alkalinity, Conductivity and pH.
2  *† Moisture, *† pH; 
Exchangeable cations (*†) - 
Acidity, Na, K, Ca , Mg , Mn, Al.
Total (*†) - N, P, S, C, CaCO₃, 
Pb, Zn, Cd, Cu, Hg, Co, Mo, As, 
Cr, Ni. Extractable (†) - Fe, Al, P.
Insect and Animal 
Measurements
Moths
Butterﬂies
Spittle Bugs
Ground Beetles
Spiders
Frog Spawn
Common Bird Census
Rabbits
Bats
Physical and 
Chemical (Abiotic)
Biological (Biotic)
Manual Meteorological 
Recording 
Automatic Weather 
Station
Vegetation Survey:
Montane, Grassland, 
Moorland, 
Woodland, Arable
This booklet gives a brief overview of the 
physical and chemical measurements that are 
routinely measured at Rothamsted, as part of 
the Long-term Experiments National Capability 
(LTE-NC) and the United Kingdom 
Environmental Change Network (ECN).
It was largely due to the long-term 
experiments, together with their 
associated datasets and archived samples, 
that Rothamsted joined the UK 
Environmental Change Network (ECN) at 
its inception in 1992. The network is a 
multi-agency programme, supported by 
fourteen independent government 
departments and agencies. Rothamsted is 
one of twelve terrestrial sites that cover a 
range of ecosystems including lowland 
grassland, arable agriculture, 
woodland/forest and upland 
moorland/mountain. The scientists at 
these sites collect physical, chemical and 
biological data using well deﬁned and 
agreed protocols (http://www.ecn.ac.uk; 
Sykes, 1996) for a range of variables (Table 
1), which have been identiﬁed as key 
environmental indicators. A central 
coordination unit (CCU), based at the 
Centre for Ecology and Hydrology 
(Lancaster), manages the network and 
archives comparable datasets for each site.  
In addition, the Rothamsted Long-term 
datasets  are accessible through the 
electronic R othamsted Archive (e-RA), 
which contains yields (c. 1843 to present) of 
some of the main  classical experiments 
together with some plant and soil nutrient 
data and weather data. These datasets are 
freely available to the scientiﬁc community 
who wish to study the causes and eﬀects of 
environmental change.
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ZĂŝŶĨĂůůƵƐŝŶŐϭͬϭϬϬϬƚŚ ŽĨĂŶĂĐƌĞƌĂŝŶŐĂƵŐĞ ϭϴϱϯ
tŝŶĚŝƌĞĐƚŝŽŶ ϭϴϱϯ
ƌĂŝŶ'ĂƵŐĞƐ ϭϴϳϬ
DĂǆŝŵƵŵŝƌdĞŵƉĞƌĂƚƵƌĞ ϭϴϳϴ
DŝŶŝŵƵŵŝƌdĞŵƉĞƌĂƚƵƌĞ ϭϴϳϴ
^ƵŶƐŚŝŶĞ,ŽƵƌƐ ϭϴϵϬ
'ƌĂƐƐDŝŶŝŵƵŵdĞŵƉĞƌĂƚƵƌĞ ϭϵϬϵ
tŝŶĚ&ŽƌĐĞ ϭϵϭϱ
ƌǇƵůďdĞŵƉĞƌĂƚƵƌĞ ϭϵϭϱ
tĞƚƵůďdĞŵƉĞƌĂƚƵƌĞ ϭϵϭϱ
ĂƌƚŚdĞŵƉĞƌĂƚƵƌĞĂƚϯϬĐŵĚĞƉƚŚ ϭϵϭϱ
^ŽůĂƌZĂĚŝĂƚŝŽŶ ϭϵϯϭ
^ŽŝůdĞŵƉĞƌĂƚƵƌĞƵŶĚĞƌďĂƌĞƐŽŝůĂƚϭϬ͕ϮϬ͕ϯϬĐŵ
ĚĞƉƚŚƐ ϭϵϯϭ
^ŽŝůdĞŵƉĞƌĂƚƵƌĞƵŶĚĞƌŐƌĂƐƐĂƚϭϬ͕ϮϬ͕ϯϬĐŵ
ĚĞƉƚŚƐ ϭϵϯϭ
ĂƌƚŚdĞŵƉĞƌĂƚƵƌĞĂƚϭϬϬĐŵĚĞƉƚŚ ϭϵϰϱ
ZƵŶŽĨtŝŶĚĂƚϮŵ ϭϵϰϲ
ĂƌƚŚdĞŵƉĞƌĂƚƵƌĞĂƚϱϬĐŵĚĞƉƚŚ ϭϵϰϴ
tŝŶĚ^ƉĞĞĚĂƚϭϬŵ ϭϵϲϬ
7DEOH:HDWKHU,QVWUXPHQWVLQWURGXFHGRQWRWKH0HW6WDWLRQ
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)LJXUH$QQXDOPHDQDLUWHPSHUDWXUHDW5RWKDPVWHGWR)LYH
\HDUPHDQVVKRZLQJLQFUHDVHLQDQQXDOPHDQWHPSHUDWXUHRYHUWKHODVW
\HDUVZLWKPHDQDLUWHPSHUDWXUHWR
    
<HDU


͙͟͠͠͚͙͚͘Ǥǡ

ȋ	͜Ȍ
͙͟͡͠͚͘͘͟ǡ

Ǧ
ǡ
͡Ǥ͙͘λ͚͙͘͘͙͘Ǥ͚͠λ͚͙͙͘Ǥ
7HPSHUDWXUH







   
&
7KH8.(QYLURQPHQWDO&KDQJH1HWZRUN͠
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5RWKDPVWHG5HVHDUFK ͡
ȋ͛Ȍ
ȋ͙͘Ǥ͜λǡ͚͙͙͘Ȍǡȋ͙͟Ǥ͠λǡ͚͛͘͘Ȍǡȋ͙͚Ǥ͠λǡ͚͘͘͞Ȍȋ͞Ǥ͙͡λǡ
͚͘͘͟ȌǤ
͚͘͘͞ǡ͙͘Ǥ͜͠λǤ
Ǣ
͛͝Ǥ͞λ͚͛͘͘ǤǦ͙͟Ǥ͘λ
͙͙͡͠ǢǦ͙͞Ǥ͟λ͙͛͡͞Ǥ
7DEOH6HDVRQDO0HDQ$LU7HPSHUDWXUHV
:LQWHU
'HF)HE
6SULQJ
0DU0D\
6XPPHU
-XQ$XJ
$XWXPQ
6HS1RY
$QQXDO
-DQ'HF
0HDQ0D[LPXP$LU7HPSHUDWXUH
:DUPHVW     
&ROGHVW     
<HDU:DUPHVW     
<HDU&ROGHVW     
0HDQ0LQLPXP$LU7HPSHUDWXUH
:DUPHVW     
&ROGHVW     
<HDU:DUPHVW     
<HDU&ROGHVW     
0HDQ$LU7HPSHUDWXUH
:DUPHVW     
&ROGHVW     
<HDU:DUPHVW     
<HDU&ROGHVW     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Rainfall 
Table 4. Monthly, Annual and Seasonal Record Rainfall Totals (mm)
D
ecem
b
er
Jan
u
ary
F
eb
ru
ary
M
arch
A
p
ril
M
ay
Ju
n
e
Ju
ly
A
u
g
u
st
S
ep
tem
b
er
O
cto
b
er
N
o
vem
b
er
A
n
n
u
al
Wettest 190.9 136.7 122.5 129.2 154.2 132.8 159.4 167.2 164.5 194.5 198.7 192.4 978.4
Driest 4.7 8.1 0.9 1.1 2.2 1.5 2.5 4.1 1.7 0.9 1.1 4.0 380.1
Year 
(Wettest) 1914 1988 1900 1979 2012 2007 2012 1855 1879 1896 1987 1940 2012
Year 
(Driest) 1853 1855 1891 1929 2007 1990 1925 1921 1947 1865 1947 1867 1921
Winter Spring Summer Autumn
Wettest 393.6 329.9 409.9 396.0
Driest 61.8 36.0 34.2 56.4
Year 
(Wettest) 1915 1979 1879 2000
Year 
(Driest) 1992 2011 1921 1978
Annual mean rainfall data 
mentioned in the following text 
comprises data from the 5” manual 
rain gauge (1853 to 2003) and the 
ECN AWS tipping bucket rain gauge 
(2004 to 2012) (Figure 3) . Both 
gauges are cylindrical in shape. 
The U.K. Environmental Change Network10
89814 UK ECN Booklet_89814 UK ECN Booklet  24/04/2015  09:25  Page 12
5RWKDPVWHG5HVHDUFK
͛͘Ǧȋ͙͙͡͠͚͙͘͘Ȍ
͙͟͠Ǥ͜Ǥ͚͙͚͘ȋ͜Ȍ
͛͞ά͛͘Ǧǡ
͙͛͠ά͚͘͝ά͛͘Ǧȋ͜͝Ǥ͝
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Ǥǡȋ͚͘͘͟Ȍ
ȋ͚͙͚͘Ȍ
ǢǤ

͟͡͠Ǥ͚͚͙͚͘Ǣ͚͘͘͘ȋ͛͟͡Ǥ͚
Ȍ͙͛͘͡ȋ͜͡͠Ǥ͠ȌǤ
͚͙͚͘
Ǣ͚͙͙͘ȋ͜Ȍ
͛͞Ǥ͘ǡ
Ǥ
͚͙͚͘Ǥǡ
ǡ͚͙͚͘
Ǥ
͙͜͝Ǥ͚͙͝͡Ǥ͜Ǥ

ǡ͙͚͡͡ǡ
͚ǡ
͟͝Ǥ͚ǡ̹͜͝Ǥ͜
Ǥ͛ǡ
͙͘Ǥ͚λǡ
ȋ͙͘Ǥ͟λȌȋ͙͘Ǥ͛λȌǤ
Ȁǡ

Ǥ
͙͙
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$WPRVSKHULF&KHPLVWU\
ȋǤǤ
ǡȌ

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͙͡͡͡Ȍ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
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ǡ
ǡ

ǡǡ
Ǥ
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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ȋǡΒȌǡ
ȋǡΑǢ
ǡȌ
ȋǡȌǤ


ȋǡΑΓǢ
ǡΒǢǡ
Ȍ
ȋǡΓǢǡΒǢ
ǡΓȌǤ

̹
ȋǡȌ
ȋ
ȌǤ


7KH8.(QYLURQPHQWDO&KDQJH1HWZRUN͙͚
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Rothamsted Research
Figure 5. Major processes for the emission and deposition of pollutants 
(illustration recreated from original by M. Coyle, CEH)
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:HW'HSRVLWLRQ
)LJXUH$QQXDOYROXPHZHLJKWHGPHDQS+RIUDLQIDOODW
5RWKDPVWHG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Rothamsted Research
Figure 7. Annual volume weighted mean of concentrations in rainfall 
collected at Rothamsted.
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The precipitation chemistry (wet deposition) results show a decreasing trend in SO₄-S, NO₃-N, 
NH₄-N and Cl concentrations at Rothamsted (Figure 7) over the last twenty years. Despite the 
regular inputs of N and S in the fertilisers applied to arable crops grown at this site, this would 
indicate that the contributions of these fertilisers to local atmospheric deposition are relatively 
small. Concentrations of sulphur (S), nitrate (NO₃) and ammonium (NH₄), within wet deposition, 
across the UK have steadily declined. Over a twenty year period, 1986 to 2008, there has been a 
reduction of approximately 70%, 24% and 35% respectively in S, NO₃ and NH₄ (RoTAP,2012). 
15
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Rothamsted Research
Figure 9. Mean monthly (      ) and annual (       ) 
2
3atmospheric NO  concentrations (µg N/m ) 
showing seasonal and annual fluctuation in 
levels of N measured as dry deposition at a) 
Rothamsted Met Station and b) near to B487, 
Redbourn Lane (1994-2012).
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Surface Water Chemistry: The River Ver 
The River Ver ﬂows for 12 miles from its source in the Chiltern Hills at Kensworth Lynch, 
Bedfordshire, to its conﬂuence with the River Colne near to Bricket Wood, 
Hertfordshire. The upper section of the Ver ﬂowing from Kensworth Lynch to Redbourn 
is a natural 'Winterbourne', a common feature of chalk streams. Because chalk is 
porous such streams only ﬂow when the water table is suﬃciently high enough for it to 
break the surface. This usually occurs after suﬃcient autumn and winter rainfall.  
Nowadays, with prolonged periods of no or very little rain, there can be years when the 
River Ver doesn't ﬂow. Where the river passes through Rothamsted land (Flint Field) it 
ﬂows over topsoil which has been described as a sandy silt loam to silty clay loam, 
mainly humose and locally calcareous with a subsoil described as ﬂinty sandy silt loam 
to silty clay loam over ﬂint gravel within 80 cm; mainly greyish and mottled (Avery and 
Catt, 1995). It has an overall classiﬁcation by the Soil Survey of England and Wales as 
argillic, humic, gley soil.
The chalk aquifer of the Ver valley provides drinking water to the surrounding 
population with extraction from deep boreholes. The section of the Ver that passes 
through Flint Field has a pumping station at Friars Wash, Flamstead, Herts, 3 km to the 
North-West in the upper valley, and another at Bow Bridge, St. Albans, 4 km to the 
South in the lower valley. The pumping station at Friars Wash remains on 'emergency 
standby' only. It used to pump ﬁfteen million litres of water per day (Ver Valley Society, 
www.riverver.co.uk) continuously until, in 1992/3, the Ver Valley Society, with other 
environmental pressure groups, petitioned for extraction to be halted to save the 
stream and unique local habitat. The pumping station at Bow Bridge was opened in 
1964 pumping six million litres per day (ca. 1967).  
There was a brief cessation of pumping at Bow Bridge in December 2005 due to the ﬁre 
and explosion at the Bunceﬁeld oil depot, Hemel Hempstead, Hertfordshire. As a 
precaution against contamination of the local water supply and rivers from the 
chemicals being used to put out the ﬁre, the Environment Agency (EA) suspended 
licenses permitting extraction of water from the Ver Valley. In June 2009 the EA lifted 
the suspension and extraction began again at Bow Bridge. 
The U.K. Environmental Change Network20
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Rothamsted Research
Figure 14. Annual mean concentrations of major ions (mg/L) measured in 
Ver at times of flow.
Table 5. WHO maximum permitted concentrations of the major cations and 
anions, together with limits for pH and conductivity, in drinking water 
(Guidelines for Drinking Water, 4th Edition, World Health Organisation, 2011)
Parameter
Aluminium (Al3+)
Ammonium-Nitrogen (NH4--N)
Chloride (Cl+)
Iron (Fe2+)
Nitrate-Nitrogen (NO3+-N)
Sodium (Na+)
Sulphate-Sulphur (SO4
2--S)
Calcium (Ca2+)
Magnesium (Mg2+)
Phosphate-Phosphorus (PO4
3--P)
Potassium (K+)
Hydrogen ion (pH)
Conducvity
Permitted Value in Drinking Water
200 μg/l
125 μg/l
250 mg/l
200 μg/l
11 mg/l
200 mg/l
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No Standard
No Standard
No Standard
No Standard
6.5 to 9.5
2500μS/cm at 20°C
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